This study investigated the relationship between neurotransmitters and improvement of symptoms af ter ventriculoperitoneal shunting in congenital hydrocephalus (LEW-HYR) rats. Twenty-four patent hydrocephalus rats, aged 12-14 days, were randomly assigned to the following four groups: ven triculoperitoneal shunt group, obstructed shunt group, burr hole group, and no treatment group. In addi tion, six normal rats served as control group. Head to body length ratio was measured before and 7 days after the procedures. Coordination movement was evaluated on the 7th postoperative day. High per formance liquid chromatography (HPLC) was used to measure the concentrations of dopamine (DA), norepinephrine (NE), serotonin, homovanillic acid (HVA), 3-methoxyl-4-hydroxyphenylenglycol, 5 -hydroxy-indolacetic acid (5-HIAA), and 3,4-dihydroxyphenylacetic acid in the whole cerebral cortex, the thalamus and hypothalamus, the midbrain, the lower brainstem, the cerebellum, and the striatum. Fluorohistochemical studies were also performed. Significant improvements were observed in body proportion and coordination movement in the ventriculoperitoneal shunt group compared to the burr hole group and the no treatment group. HPLC and fluorohistochemical studies revealed that concen trations of NE in the thalamus and hypothalamus and DA in the striatum were significantly lower in the burr hole group and the no treatment group. Concentrations of HVA and 5-HIAA in the cerebellum were significantly lower in the control group. The present study indicates that ventriculoperitoneal shunting may improve the changes in concentrations of neurotransmitter in specific neurons caused by hydrocephalus, and this may contribute to the improvement of the symptoms.
Materials and Methods
Male rats with manifest hydrocephalus, aged 12 to 14 days, were randomly divided into four groups: the untreated hydrocephalus group, the burr hole group, the obstructed ventriculoperitoneal shunt group, and the ventriculoperitoneal shunt group. Normal rats were used as the control group. Each five groups consisted of six rats.
The head to body length ratio was measured aged 12 to 14 days, and then the animals underwent vari ous procedures. Ventriculoperitoneal shunting was performed under halothane inhalation anesthesia (Fig. 1 ).14) A silicone tube with an inner diameter of 0.025 inches was used for the shunt system. The ob structed ventriculoperitoneal shunt had been ligated in advance, so had the effect of tapping the ventricle , but without continuous drainage. The burr hole was also performed under general anesthesia. Seven days later, head to body length ratio was measured again, and coordination movement was evaluated by counting with the KN-75 Rota Rod (Natsume Seisakusho Co. Ltd., Tokyo). The rat brains were then extracted immediately, and each brain was divided into six parts'): the whole cerebral cortex, the thalamus and hypothalamus, the midbrain, the lower brainstem, the cerebellum, and the striatum.
High performance liquid chromatography (HPLC) was used to measure the concentrations of norepinephrine (NE), dopamine (DA) , serotonin (5-HT), and their metabolites; homovanillic acid (HVA), 3-methoxyl-4-hydroxyphenylenglycol, and 5 
Results
Changes of body proportion as shown by the head to body length ratio before and 7 days after the proce dures are shown in Fig. 2 . The ratio significantly decreased in the ventriculoperitoneal shunt group from 15.73 ± 0.28 to 13.69 ± 0.35 (mean ± SE, p < 0.05), but increased in the untreated hydrocephalus group.
Movement coordination was significantly better (p < 0.05) in the ventriculoperitoneal shunt group (64.75 ± 8.27) compared with the hydrocephalus group (12.83 ± 3.54), the burr hole group (8.17 ± 1.08), and the obstructed ventriculoperitoneal shunt group (25.08 ± 6.55) (mean ± SE) (Fig. 3 ). There were no significant differences between the other groups, although movement coordination was slight ly better in the obstructed ventriculoperitoneal shunt group. (Fig. 4 lower) .
The concentrations of NE in the thalamus and hypothalamus were significantly lower in the hydrocephalus group (1286.44 ± 168.14 ng/ml) and burr hole group (1188.91 ± 130.20 ng/g) (mean ± SE, p < 0.05) compared with the ven triculoperitoneal shunt group (Fig. 5 upper) . There were no significant differences between the groups in the lower brainstem including the locus ceruleus and the raphe nucleus (Fig. 5 middle) . The concentra tions of DA in the striatum were significantly lower in the hydrocephalus group (1460.00 ± 38.98 ng/g) and the burr hole group (1074.44 ± 152.08 ng/g) (mean ± SE, p < 0.05) compared with the ven triculoperitoneal shunt group (Fig. 5 lower) .
The fluorohistochemical study showed that the fluorescence of the NE neurons in the median emi nence was less in the hydrocephalus group com pared with the ventriculoperitoneal shunt group (Fig. 6 upper row). There was no clear difference in fluorescence in the locus ceruleus between the hydrocephalus group and ventriculoperitoneal shunt group (Fig. 6 middle row) . Fluorescence in the striatum was less at the terminal portion of the DA neurons in the hydrocephalus group ( Fig. 6 lower row). Fluorescence of the monoamine neurons was also less adjacent to the ventricular system. Discussion HPLC measurement of the concentrations of monoamines and their metabolites showed that the concentrations of 5-HIAA in the whole cerebral cor tex were significantly lower in the hydrocephalus group (178.62 ± 6.71 ng/g) and the burr hole group (150.88 ± 2.45 ng/g) (mean ± SE, p < 0.05) com pared with the ventriculoperitoneal shunt group (Fig. 4 upper) . No significant difference was found between the groups in the midbrain (Fig. 4 middle) . upper: In the whole cerebral cortex, concentrations of 5-hydroxy-indolacetic acid (5-HIAA) were significantly lower in the hydrocephalus group and burr hole group compared with the ventriculoperitoneal (VP) shunt group (*p < 0.05). middle: In the midbrain, no significant difference was noted between the groups. lower: In the cerebellum, the concentrations of homovanillic acid (HVA) were significantly lower in the control group compared with the hydrocephalus group, and concentrations of 5 HIAA were significantly lower in the VP shunt group and the control group compared with the hydroceph alus group (*p < 0.05). Values are mean ± SE. NE: norepinephrine, DA: dopamine, DOPAC: 3,4-dihydroxy phenylacetic acid, 5-HT: serotonin, MHPG: 3-methoxyl-4-hydroxyphenylenglycol. The present HPLC and fluorohistochemical stud ies showed that the levels of DA in the striatum and NE in the thalamus and hypothalamus were sig nificantly lower in the congenital hydrocephalus (LEW-HYR) rat. The concentrations of monoamine decreased in specific neurons, but no significant change was noted in the metabolites.
Specifically, production of monoamines decreased in specific neurons in the LEW-HYR rat, but there was no exten sive effect on the turnover of monoamines. These dis turbances were dramatically improved by ven triculoperitoneal shunting. This suggests that the changes of DA neurons in the striatum and changes of NE neurons in the thalamus and hypothalamus are not hypoplasia in the embryological sense, but secondary dysfunction of neurons caused by hydrocephalus. Some of the diverse clinical symp toms caused by hydrocephalus are considered to be caused by secondary dysfunction in these specific neurons. The present study found decreased mono amine levels in tissues near the ventricular system. This suggests that these changes were caused by in creased intraventricular pressure and the inflow of cerebrospinal fluid into the brain tissue. The concen trations of NE in the locus ceruleus and 5-HT in the raphe nucleus did not change significantly after ven triculoperitoneal shunting. The present model sug gests that the influence of hydrocephalus on the brainstem is low, occurring only in the terminal stage as in clinical hydrocephalus.
The concentrations of some monoamines were higher in the hydrocephalus group than in the shunt group. In the cerebellum, the concentrations of HVA and 5-HIAA were significantly higher in the hydrocephalus group compared with the control group. This may be attributed to the changes in monoamine turnover due to hydrocephalus, or to the influence of cerebrospinal fluid in the brain tis sue. In the thalamus and hypothalamus, DA exhibit ed higher values in the hydrocephalus group and burr hole group compared with the control group (Fig. 5 upper) . The differences were not statistically significant, but a trend contrary to that of DA neu rons in the striatum was noted. Neurotransmitters may accumulate in specific neurons in LEW-HYR rat without being metabolized. This may be con sidered as a disorder of monoamine turnover, but there are still some unclear points such as the ab sence of change in metabolite concentrations.
The reason for the contrary trend concentrations in DA neurons at different sites will continue to be studied.
Clinically, improvement of symptoms and reduc tion in the size of the ventricle are observed after ven triculoperitoneal shunting. The morphological change of brain tissues and the ventricular system, which simultaneously occur with the changes in the level of intracerebral monoamines, are a topic for further study.
This model for ventriculoperitoneal shunting in congenital hydrocephalus (LEW-HYR) rats showed that changes of monoamine concentration were ob served in specific neurons, and appeared to be sec 
Commentary
In the field o f experimental hydrocephalus, morpho logical studies and cerebrospinal fluid dynamic stud ies have been the main focus until now. In spite of those energetic studies on hydrocephalus, we have many unresolved questions about hydrocephalic in sults and recovery after shunting procedure.
This study has two main subjects: the establishment of a communicating hydrocephalic rat model and the investigation of monoamine concentration changes measured pre and post-shunting procedure by the latest method.
In recent years, it has been disclosed that alteration of neurotransmitters plays an important role in the manifestation of symptoms due to the hydrocephalic state. Regarding monoamines, some reports showed low concentrations o f NE, DA, and 5-HT in kaolin-in duced hydrocephalic rats. In this study, more precise data was examined, and showed concentration differ ences by location. Though the authors demonstrated clearly these changes of monoamine concentration, further investigation will be necessary for data eluci dation.
The newly developed model of hydrocephalus and the methodology of monoamine investigation will con tribute greatly to investigations in this field.
Koki KADOTA, M.D.
Department of Neurosurgery
Faculty o f Medicine Kagoshima University Kagoshima, Japan Dr. Otsubo, Professors Ito and Shibuya should be com plimented on their novel work described in this exten sive experimental research. The nature of hydrocephalic insults on the brain metabolism has been well demonstrated by Professor Ito and his co workers in the past. This experimental investigation delineated the nature of functional development in the congenital hydrocephalus animal model (LEW HYR rat) with the significance of CSF shunting in the infantile period, which is compatible with the stages of dendritic maturation or axonal maturation with/ without myelination. The authors performed ven triculoperitoneal shunting on hydrocephalic rats at 12 to 14 days of age with their splendid experimental technique. Hydrocephalic state is likely far-advanced in this period associated with not only significant mor phological changes but also psychomotor developmen tal delay. The intracerebral level o f monoamines and their metabolites are an excellent indicator for the neu ronal maturation, especially in these periods of den dritic and axonal maturation. Although the authors found that CSF shunting improves the changes in con centration of neurotransmitter in some specific neu rons caused by hydrocephalus, as shown in both quan titative measurement by high performance liquid chro matography and morphological analysis in fluoro histochemical study, the efficacy is limited in certain groups o f neurotransmitters with some regional differ ences. These results are extremely important to stan dardize the reversibility o f psychomotor development in the individual and the time specificity of the treat ment in congenital communicating hydrocephalus , when treated with postnatal shunt. These clinically comparable problems have been investigated in vari ous types of congenital hydrocephalus models, such as LEW/Jms as the model of aqueductal stenosis and HTX as the communicating hydrocephalus with/ without secondary aqueductal stenosis.1 I am con vinced that Professor Ito and his co-workers will ad vance their research with their highly recognized ex perimental knowledge and technique to overcome these clinical limitations of treatment for the congeni tal/intractable hydrocephalus in the future .
